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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to speed ratio s 
control of an automatic transmission, and more particu- 
larly, to speed ratio control when a vehicle behavior con- 
trol device is operating. 

BACKGROUND OF THE INVENTION w 

[0002] A vehicle dynamics controller (VDC) is 
known in the art which controls yawing and rolling when 
a vehicle is running. The VDC increases the running 
stability of the vehicle by automatically adjusting the is 
braking force of the vehtole wheels and engine output so 
that the yaw rate of the vehicle follows the target yaw 
rate decided based on the steering angle and vehicle 
speed. The yaw rate may also be controlled by control- 
ling the traction force or changing the drive force distri- 20 
bution. 

SUMMARY OF THE INVENTION 

[0003] However, when the gear position of the auto- 2S 
matte transmission is changed over when the VDC Is 
operating, a torque fluctuation or speed fluctuation is 
caused by the speed change, and vehicle behavior con< 
trol perfomnance of the VDC m^ be impaired. A similar 
problem occurs if the gear position is changed over 30 
when a behavior control devbe other than the VDC 
which controls unstable behavior in the yaw direction 
and roil direction of the vehicle, is operating. 
[0004] A control which prohibits speed change of an 
automatic transmission due to running conditfons such 3S 
as when the vehicle tums, is disclosed in JP-A-H10- 
89460 published by the Japanese Patent Offtee in 1 998. 
[0005] It is therefore an object of this invention to 
prevent toss of vehicle behavior control performance by 
prohibiting the speed change of an automatic transmis- 40 
sion when a vehicle behavior control device operat- 
ing. 

[0006] In order to achieve above object, the present 
invention provides a speed ratio control device for use 
with a vehicle provided with an automatic transmission 45 
and a behavior control device which controls either of 
yawing and rolling of the vehicle. The device comprises 
an actuator which changes a speed ratio of the trans- 
mission, and a microprocessor programmed to deter- 
mine whether or not the vehicle behavior control device so 
is operating, and prohibit a speed change operation by 
the actuator when the vehicle behavior control devtee is 
operating. 

[0007] The details as well as other features and 
advantages of this invention are set forth in the remain- 56 
der of the specification and are shown In the accompa- 
nying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Rg. 1 is a longitudinal sectional view of a toroidal 
continuously variable transmission according to this 
invention. 

Rg. 2 is a transverse cross-sectional view of the 
transmission and the schemata diagram of a speed 
ratio control devtee. 

Rg. 3 is a block diagram of a controller of the speed 
ratio control device. 

Rg. 4 is an example of a shift map used for speed 
ratio control. 

Rg. 5 is a flowchart for describing a main speed 
ratio control routine performed by the controller. 
Rg. 6 is a flowchart for describing a speed ratio 
control routine in a manual shift mode. 
Rg. 7 is a flowchart for describing a downshift con- 
trol subroutine in the manual shift mode. 
Rg. 8 is a flowchart for describing an upshift control 
subroutine in tiie manual shift mode, 
Rg. 9 is a flowchart describing a steady state con- 
trol subroutine in the manual shift mode. 
Rg. 10 IS a flowchart for describing a speed ratio 
prohibition control routine in the second embodi- 
ment according to this invention. 
Rg. 11 is a flowchart for describing a speed change 
control routine in the second embodinnent 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0009] Referring to Fig. 1 of the drawings, a toroidal 
continuously variable transmission (CVT) 1 0 according 
to tills invention comprises an input shaft 20 connected 
to an engine, not shown, via a torque converter. One 
end of the input shaft 20 is supported by a bearing 22 in 
a transmission case 21 , and the middle is supported via 
a bearing 24 and a hollow output shaft 25 in an intemrie- 
diate wall 23 of the transmission case 21 . 
[0010] An input disk 1 is supported by the input 
Shalt 20. An output disk 2 is supported by the output 
shaft 25. The input disk 1 and output disk 2 are 
ananged so that their toroidal curved surfaces la, 2a 
face each other. 

[0011] A pair of power rollers 3 disposed on either 
side of the input shaft 20 are gripped between the sur- 
faces 1 a and 2a 

[0012] In order to grip the power rollers 3 between 
the input disk 1 and output disk 2, a nut 26 is tightened 
at the tip of the input shaft 20. The nut 26 is tightened so 
that a cam disk 27 does not fall out of the input shaft 20. 
Gam rollers 28 are provided between the cam disc 27 
and the input disk 1 . The rotation of the Input shatt 20 is 
transmitted to the input disk 1 via the cam rollers 28. 
[001 3] The rotation of the input disk 1 is transmitted 
to the output disk 2 via the power rollers 3. The cam roll- 
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ers 28 generate a thrust force proportional to the trans- 
mitting torque, and grip the power rollers 3 between the 
input disk 1 and output disk 2. 
[0014] The output disk 2 Is spline jointed to the out- 
put Shalt 25. An output gear 29 is fixed on the output s 
shaft 25. 

[0015] The output shaft 25 is supported by a cover 
31 of the transmission case 21 via a radial thrust bear- 
ing 30. The input shaft 20 is supported by the cover 31 
via a radial thrust bearing 32. The bearings 30, 32 can- 
not approach each other due to a spacer 33. Further, 
the bearings 30, 32 respectively contact an output gear 
29 and the input shaft 20, and cannot move away from 
each other. 

[001 6] Therefore, the thrust force whk:h acts on the 
input disk 1 and the output disk 2 due to the cam rollers 
28 is cancelled at the spacers 33, and does not act on 
the transmission case 21. 

[0017] The power rollers 3 are supported free to 
rotate by trunnions 41, as shown In Rg. 2. The upper 
ends of the trunnions 41 are joined to an upper link 43 
via a spherical joint 42 so that they are free to rotate and 
free to pivot, and their lower ends are joined to a lower 
link 45 via a spherical joint 44 so that they are free to 
rotate and free to pivot 

[0018] The upper link 43 and the lower link 45 are 
supported with their centers free to pivot on spherical 
joints 46, 47, and the trunnions 41 can be displaced ver- 
ficalty in synchronism in mutually opposite directions. 
[0019] The speed ratio control devk:e of the afore- 
said transmission 10 will now be descn*bed referring to 
Rg. 2. 

[0020] A piston 6 for displacing the trunnion 41 in a 
vertical direction is provided at each trunnion 41 . Upper 
chambers 51, 52 and lower chambers 53, 54 are 
respectively fonned on either side of these pistons 6. A 
speed ratio control valve 5 for controlling the displace- 
ment of each piston 6 Is provided. 
[0021] The speed ratio control valve 5 comprises a 
spool 5A, sleeve 5B and valve case 5C. The spool 5A 
and sleeve 5B fit together so that they are free to slide 
relative to each other. The sleeve 5B fits in a valve case 
5C so that they are free to slide relative to each other. 
[0022] A port 5D of the speed ratio control valve 5 is 
connected to a pressure source 55. A port 5E of the 
speed ratio control valve 5 is connected to the piston 
chambers 51 , 54. A port 5F is connected to the piston 
chambers 52, 53. 

[0023] The spool 5A operates together with a 
precess cam 7 fixed to the lower end of one of the trun- 
nions 41 via a fink 8. The sleeve 5B is engaged with a 
step motor 4 by a rack and pinion. 
[0024] An operating command to the speed ratio 
control valve 5 is supplied as a displacement to the 
outer sleeve 5B by the step motor 4. 
[0025] If the sleeve 5B displaces from the neutral 
position relative to the spool 5A due to this operating 
command, for example to the position shown in Rg. 2, 



the speed ratio control valve 5 will open, a fluid pressure 
(line pressure PL) will be supplied to the chambers 52, 
53 from the pressure source 55, and the other cham- 
bers 51 , 54 will be drained. The trunnions 41 then dis- 
place in mutually opposite directions up and down due 
to the pistons 6. 

[0026] On the other hand, if the sleeve 5B displaces 
from the neutral position relative to the spool 5A in the 
reverse direction, the speed ratio control valve 5 will 
open, a fluid pressure will be supplied to the chambers 
51, 54 from the pressure source 55, and the other 
chambers 52, 53 will be drained. The trunnions 41 then 
displace in mutually opposite directions up and down 
due to the pistons 6, 6. 

[0027] As a result, the power rollers 3 are offset 
from the position where the rotation axis shaft inter- 
sects the rotation axis O2 of the disks 1 and 2. The off- 
set power rollers 3 receive a force from the disks 1 and 
2, and gyrate around the rotation axis 03 whk:h is per- 
pendicular to the axis so as to realize continuous 
variable speed change. 

[0028] The precess cam 7 provided on a lower end 
of one of the trunnions 41 performs mechanical feed- 
back of an offset / and gyration angle (> of the trunnion 
41 and power roller 3 as a displacement X of the spool 
5A via the link 8. 

[0029] When a speed ratio command value corre- 
sponding to a command value Astep to the step motor 
4 is achieved by a continuously variable speed change, 
the spool 5A is returned to the neutral position relative 
to the sleeve SB by the aforesaid mechanical feedback. 
Simultaneously, the power rollers 3 are returned to a 
position where the rotation axis intersects the rota- 
tion axis O2 of the disks 1 and 2, thereby maintaining 
the aforesaid speed ratio command value. 
[0030] In order to make the gyration angle <^ of the 
power roller 3 a value corresponding to the speed ratio 
command value, it is sufficient for the precess cam 7 to 
feed back the gyration angle ^ of the power roller 3. 
However, in order to prevent the speed ratio control from 
hunting, the offset / of the power roller 3 is also fed 
back. 

[0031 ] The command value Astep to the step motor 
4 is detemnined by the controller 61 . 
[0032] The controller 61 comprises a mk^roproces- 
sor, read only memory, random access memory and 
input/output interface, and the following signals are 
input to the controller 61 as shown in Rg. 2. 

driven wheel speed signal from a driven wheel 
speed sensor 58 

throttie opening signal JVO from a throttle opening 

sensor 62 

sensor detected vehicle speed signal VSP from a 
vehicle speed sensor 63 
- transmission input rotation speed signal Ni (or 
engine rotation speed signal Ne) from an input rota- 
tion sensor 64 
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- transmission output rotation speed signal No from 
an output rotation sensor 66 

- transmission oil temperature signal TMP from an oil 
temperature sensor 66 

line pressure signal PL from a line pressure sensor s 
67 

engine rotation speed signal Ne from an engine 
rotation speed sensor 68 

shift lever position signal from an inhibitor switch 60 
up-shift signal and down-shift signal from a manual io 
shift switch 69 

- selected mode signal from a mode selection switch 
70 

torque-down signal from an engine controller 31 0 
signal showing an operating state of an anti-lock is 
brake system (ABS) 320 from the anti-lock brake 
system 320 

signal showing an operating state of a traction con- 
trol system (TCS) 330 from the traction control sys- 
tem 330. 20 
auto-cruise signal from a cruise control system 340 
signal showing an operating state of a vehicle 
dynamics control system (VDC) 350 from the vehi- 
cle dynamk:s system 350. 

25 

[0033] Here, as the line pressure PL is controlled by 
the controller 61 , it is usually detected from an internal 
signal of the controller 61 . The vehtele speed sensor 63 
detects the vehicle speed from a rotation speed of, for 
example, the output shaft of a transmission 1 0, a drive 30 
Shalt or a driving wheel. 

[0034] The controller 61 computes the command 
value Astep to the step motor 4 on the basis of the 
aforesaid input signals. 

[0035] The controller 61 comprises the elements 3S 
shown in Rg. 3. These elements actually comprise a 
computer program stored by the memory of the control- 
ler 61 or an electronk; circuit of the controller 61 . 
[0036] A shift map selector 71 selects a map to be 
used from among plural pre-prepared maps depending 40 
on the transmission oil temperature TMP, and whether 
or not an exhaust gas purification catalyst has activated. 
Rg. 4 is an example of a shift map. 
[0037] A final target input rotation speed calculating 
element 72 calculates a final target input rotation speed 4S 
Ni* by looking up the shift map shown in Fig. 4 based on 
the throttle opening WO and vehicle speed VSP. The 
final target rotation speed Ni* is the target value of the 
input rotation speed in the steady running state. 
[0038] A final target ratio cak:ulating element 73 so 
cateulates a final target ratio i* by dividing the final tar- 
get input rotation speed Ni* by the transmission output 
rotation speed No. The final target ratio i* is the target 
value of the speed ratio in the steady running state. 
[0039] A time constant cateulating element 74 55 
determines a first speed change time constant Tgl and 
second speed change time constant Tg2 used in speed 
change control according to the shift lever position (the 



normal running position "D* or sports running positk>n 
■Ds", etc.), vehfele speed VSP, throtde opening TVO, 
engine rotation speed Ne, accelerator pedal depression 
rate, the torque-down signal, the anti-lock brake control 
signal, the traction control signal, the auto-cruise signal, 
the vehicle dynamics control signal (VDC signal) and a 
speed ratio difference RtoERR between the real speed 
ratio Ratio and a transient target ratio RatioO described 
later, and computes a difference Bp t>etween the final 
target ratio and transient target ratio RatioO, 
[0040] The first speed change time constant Tgl 
and second speed change time constant Tg2 which are 
determined corresponding to a second order delay of 
the toroidal CVT 10, detennine the speed change 
response relative to the final target ratio i* and deter- 
mine a speed change rate. 

[0041] A transient target ratio calculating element 
75 computes the transient target ratio RatioO and an 
intermediate speed ratio RatioOO for bringing a real 
speed ratio Ratio close to the final target ratio /' with a 
speed response defined t)y the first speed change time 
constant Tgl and second speed change time constant 
Tg2, and outputs the transient target ratio RatioO. 
[0042] An input torque caknilating element 76 cal- 
culates a transmission input torque 77. Rrst, the input 
torque caknjiating element 76 caknilates the engine out- 
put torque based on the throttle opening TVO and 
engine rotation speed Ne. Next, a torque ratio t of the 
torque converter is found based on the ratio of the Input 
rotation speed {=Ne) and output rotation speed {=Ni) of 
the torque converter. Rnally, the output torque of the 
engine is multiplied by the torque ratio t to compute the 
transmission input torque 77. 

[0043] A torque shift compensator 77 computes a 
compensation amount TSrto for compensating a torque 
shift (speed ratio deviation) pecufiar to a toroidal CVT 
based on the transient target ratio RatioO and input 
torque 77 of the transmission 1 0. 
[0044] During torque transmission, the power roll- 
ers 3 are gripped k)etween the input disk 1 and output 
disk 2, so the trunnions 41 deform. Due to this defomna- 
tion, tiie position of the process cam 7 provided on the 
lower end of the trunnion 41 varies, and the characteris- 
tics of the mechanical feedback system comprising the 
precess cam 7 and link 8 vary resulting in the aforesaid 
torque shift 

[0045] As the torque shift of the toroidal CVT differs 
according to the transient target ratio RatioO and trans- 
mission input torque 77, the torque shift compensator 77 
calculates the torque shift compensation amount TSrto 
by looking up a predetermined two-dimensional map 
based on the transient target ratio RatioO and transmis- 
sion torque 77. 

[0046] A real speed ratio calculating element 78 
computes the real speed ratio Ratio by dividing the 
transmission input rotation speed Ni t)y the transmis- 
sion output rotation speed No. A speed ratio en^or cal- 
culating element 79 subtracts the real speed ratio Ratio 
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from the transient target ratio RatioO to compute the 
speed ratio error RtoERR (=RatioO-Ratio), 
[0047] A first feedbadc gain calcuiating element 80 
computes a first proportional control feedback gain 
fbpDATAI, a first integral control feedback gain s 
fbiDATAI and a first differential control feedback gain 
fbdDATAI according to the transmission input rotation 
speed Ni and vehicle speed VSR. The first feedback 
gains fbpDATAI, fbiDATAI and fbdDATAI are used 
when a feedback connection amount FBrto is computed w 
kiy PID control described later. 

[0048] The first feedback gains fbpDATAI, 
fbiDATAI and fbdDATAI are computed by looking up a 
predetenmined two-dimensional map based on the 
transmission input rotatton speed Ni and vehk^le speed is 
VSR. 

[0049] A second feedback gain calcuiating element 
81 computes a second proportional control feedback 
gain ft^ATA2, a second integral control feedback gain 
fbiDATA2 and a second differential control feedback 20 
gain fbdDATA2 according to the oil temperature TMP 
and line pressure PL of the transmission 1 0. The feed- 
back gains fbpDATA2, fbiDATA2 and fbdDATA2 are also 
used when the feedback con^on amount FBrto is 
computed by PID control, descriised later. 25 
[0050] The second feedback gains fbpDATA2, 
fbiDATA2 and fbdDATA2 are computed by looking up a 
two-dimensional map based on the transmission oil 
temperature TAfPandthe line pressure PL. 
[0051 ] A feedback gain cak:ulating element 83 mul- 30 
tiplies corresponding first feedback gains and second 
feedback gains so as to compute a proportional control 
feedback gain fbpDATA (=4bpDATA1 x fbpDATA2\ an 
integral control feedback gain {fbiDATA {=fbiDATA1 x 
fbiDATA2), and a differential control feedback gain 35 
fbdDATA (=:fbdDATA1 x fbdDATAS) 
[0052] A PID controller 84 computes a feedback 
correction amount by proportional control (=RtoERR x 
fbpDATA), a feedback connection amount by integral 
control {=J{RtoERR x ftMDATA}), and a feedback corvee- 40 
tion amount by differential control (=(d/dt)lfnoBRR x 
fbdDATA}). These three feedback correction amounts 
are then added to compute the feedback connection 
amount FBrto (=IRtoERR x fbpDATA ^f{RtoERR x fbi- 
DATAh(d/dt){RtoERR x fbdDATA}) under PID control. 4S 
[0053] A transient target ratio corrector 85 connects 
the transient target ratio RatioO by the torque shift com- 
pensation amount TSrto and the speed ratio feedback 
correction amount FBrto, and computes a compen- 
sated transient target ratio DsrRTO so 
{=RatioahTSnoi-FBrto). 

[0054] A target step number calculating element 86 
computes a target step number DsrSTP of the step 
motor 4 which realizes the compensated transient tar- 
get ratio DsrRTO by k>oking up a predetermined map. ss 
[0055] When the step motor 4 cannot displace to 
the aforesaid target step number DsrSTP during one 
control cycle even at the maximum drive speed of the 



step motor 4 detenDined according to the transmission 
oil temperature TMP by a step motor drive speed deter- 
mining element 88, a step motor command value calcu- 
lating element 87 takes a position whk^h can be realized 
at the maximum drive speed of the step motor 4 as the 
command value Astep to the step motor 4. On the other 
hand, when the step motor 4 can displace to the afore- 
said target step number DsrSTP during one control 
cyde, the target step number DsrSTP is set to the com- 
mand value Astep to the step motor 4. 
[0056] Therefore, it can be considered that com- 
mand value Astep is the actual position of the step 
motor 4. 

P)057] The step motor 4 rotates in the direction and 
position corresponding to the command value ^ep 
displaces the sleeve 5B of the speed ratio control valve 
5 by the rack and pinion, and changes the speed ratio of 
ttie CVT10. 

[0058] When the speed ratio con^esponding to the 
command value Astep Is attained, the spool 5A is 
returned to the neutral position relative to the sleeve 5B 
by mechanical feedback via the precess cam 7. Simul- 
taneously, the power rollers 3 are returned to the posi- 
tion at whteh the rotation axis 0-| intersects the rotation 
axis O2 of the disks 1 and 2. Theretyy, the speed ratio 
command value is maintained. 
[0059] A step motor tracking abil'rty determining ele- 
ment 89 detemnines whether or not the step motor 4 can 
follow the target step number DsrSTP conresponding to 
the compensated transient target ratio DsrRTO, First, 
the determining element 89 caksulates a step number 
difference ASTP between the target step number 
DsrSTP and the command value Astep whk^h can be 
considered as the actual position. When the step 
number en-or ASTP is smaller than a value ASTPLiM 
whk;h the step motor 4 can eliminate during one control 
cycle at the maximum drive speed of the step motor 4 
determined as described atx)ve by the step motor drive 
speed detemilning element 88 {ASTP<ASTPUM), the 
determining element 89 detemnines that the step motor 
4 can follow the target step numt>er DsrSTP con^- 
spending to the compensated transient target ratio 
DsrRTO. Conversely, when the step number error ASTP 
is larger tiian ttie value ASTPUhA {ASTP>ASTPLiM), it 
determines that the step motor 4 cannot follow the tar- 
get step number DsrSTP. 

[0060] When it is determined that the step motor 4 
can follow the target step number DsrSTP correspond- 
ing to the compensated transient target ratio DsrRTO, 
the determining element 89 commands the PID control- 
ler 84 to continue the computing of the speed ratio feed- 
back correction amount FBrto by the aforesaid PID 
control. On the other hand, when it is determined that 
the step motor 4 cannot follow the target step number 
DsrSTP, the detennining element 89 commands the 
PID controller to maintain the speed ratio feedback cor- 
rection amount f{EtoERR x fbiDATA} by integral control 
at its value at the time of the determination. 
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[0081 ] In the step motor command value calculating 
element 87, when the step motor 4 cannot displace to 
the target step number DsrSTP during one control cycle 
even at the maximum drive speed of the step motor 4, 
the position which can be realized at the maximum drive 5 
speed of the step motor 4 is taken as the command 
value Astep, and the command value Astep Is used for 
the step motor tracking ability determination by the 
determining element 89 as the real position of the step 
motor 4. Hence, it Is possible to know the real position of 10 
the step motor 4 when the tracking ability determination 
is perfonned from the command value Astep to the step 
motor 4. For this reason, it is unnecessary to actually 
detect the position of the step motor 4 to perfonnri the 
tracking ability detenmination. is 
[0062] Further, in the step motor tracking ability 
determining element 89, when the step number error 
ASTF between the target step number DsrSTP and the 
actual drive position (=command value Astep) is 
smaller than the value ASTPLIM which is determined zo 
according to the maximum drive speed of the step 
motor 4 (ASTP<ASTPUM), it is detemiined that the 
step motor 4 can follow the target step number DsrSTP 
con^esponding to the compensated transient target ratio 
DsrRTO. Conversely, when the step number en-or ASTF 25 
is greater than the value ASTPLIM whrch is defined 
according to the maximum drive speed of the step 
motor 4 {ASTP^STPUM), if is determined that the 
step motor 4 cannot follow the target step number 
DsrSTP, TTius, the detemnination of the tracking ability 30 
of the step motor 4 can be perfonned precisely although 
the maximum drive speed of the step motor 4 varies 
according to the oil temperature 77WP, etc. 
[0063] Next, the speed ratio control performed by 
the controller 61 will be described referring to Figs. 5-9. 3S 
[0064] Rg. 5 shows the main routine of speed ratio 
control. This routine is peribrmed at an Interval of 10 
milliseconds. 

[0065] In a step S91, the vehble speed VSP, 
engine rotation speed Ne, transmission input rotation 40 
speed Ni, throttle opening TVO and a shift lever position 
are read. The step S91 corresponds to processing of 
the time constant calculating element 74. 
[0086] In a step S92, the real speed ratio Ratio is 
computed by dividing the input rotation speed Ni by the 45 
transmission output rotation speed No. The step S92 
corresponds to processing by the final target input rota- 
tion speed calculating element 72. 
[0087] In a step S93, the final target input rotation 
speed Ni* is computed based on the throttie opening so 
TVO and vehble speed VSP by looking up the map 
shown in Fig. 4. The step S93 corresponds to process- 
ing by the shift map selector 71 and the final target input 
rotation speed cak:ulating element 72. 
[0068] In a step S94, the final target ratio /* is com- ss 
puted by dividing the final target input rotation speed Ni* 
by the ti^smission output rotation speed No. The step 
S94 corresponds to processing by the final target ratio 



calculating element 73. 

[0069] In a step S95, the difference Eip is computed 
by subtracting the transient target ratio RatioO com- 
puted on the immediately preceding occasion the rou- 
tine was perfomned (this is computed at the next step 
S99) from the final target ratio i*. The step S95 con^e- 
sponds to processing by the time constant cabulating 
element 74. 

[0070] In a step S96, it is detennined whether or not 
there has been a running mode change-over, or a man- 
ual shift operation. Specifically, it is detected whether or 
not there is a change-over between a power mode and 
a snow mode according to the signal from a mode 
selection switch 70. It is detected whether the shift lever 
is in the manual shift nrK>de according to the signal from 
the inhibitor switch 60, and whether an upshift signal or 
downshift signal is detected from a manual shift switch 
69. The step S96 also corresponds to processing by the 
time constant calculating element 74. 
[0071] In steps S97, 98 and 99, the time constant 
computing mode is determined, and the first and sec- 
ond speed change time constants Tgl, Tg2, the tran- 
sient target ratio HatioO and the intermediate speed 
ratio RatioOO are computed, respectively. The steps 
S97, 98 and 99 also correspond to processing by the 
time constant cabulating element 74. 
[0072] In a step SI 00, the torque shift compensa- 
tion amount TSrto is computed based on the transient 
target ratio RatioO and the transmission input torque 77. 
The step SI 00 con^esponds to processing by the torque 
shift compensator 77. 

[0073] In a step S101, the feedback comection 
amount FBrto is computed by PID control. The step 
SI 01 corresponds to processing by the PID controller 
84. 

[0074] In a step SI 02, the torque shift compensa- 
tion amount TSrto and feedback con^ction amount 
FBrto are added to the transient target ratio RatioO to 
compute the compensated transient target ratio 
DsrRTO. The step S1Q2 corresponds to processing by 
the transient target ratio collector 85. 
[0075] In a step SI 03, the command value Astep to 
the step motor 4 is computed. The step SI 03 corre- 
sponds to processing by the target step number calcu- 
lating element 86 and the step motor command value 
calculating element 87. 

[0076] Fig. 6 shows a speed ratio control routine in 
the manual shift mode. 

[0077] In a step SI 04, a state of the inhibitor switch 
60 and a state of the manual shift switch 69 are read. 
[0078] In a step SI 05, an input state of a control 
switch signal (manual range signal, up signal, down sig- 
nal, gate signal) is detennined. 
[0079] In a step SI 06, a speed change state in the 
manual shift mode (downshift state, upshift state, 
steady state) is determined. 

[0080] In a step S1 07, it is determined whether the 
speed change state is the downshift state, upshift state 
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or steacfy state based on the manual range signal, and 
a combination of the up signal, down signal and gate 
signal on the immediately preceding occasion and the 
present occasion. 

[0081] When it is detemiined in the step SI 07 that 5 
the vehicle is in the downshift state wherein the down 
signal is ON, the routine proceeds to a step S108, and 
the downshift control shown in Fig. 7 is perfonned. 
[0082] When it is detemiined in the step S107 that 
the vehicle is in an upshift state wherein the up signal is 
ON, the routine proceeds to a step SI 09, and the 
upshift control shown in Rg. 8 is perfonned. 
[0083] On the other hand, when it is detemiined in 
the step 81 07 that the vehicle is in neither the downshift 
state nor the upshift state, the routine proceeds to a 
step 81 1 0, and the steady state control shown in Rg. 9 
is performed. 

[0084] Rg. 7 shows a downshift control subroutine 
in the manual shift mode. 

[0085] In a step 81 18, it is detemfiined whether or 
not the vehicle speed VSP is greater than a predeter- 
mined value. If it is greater, the routine proceeds to a 
step S119, and if it is not greater, the routine proceeds 
to a step SI 20. 

[0086] In the step S1 1 9, it is detemiined whether or 
not the VDC 350 is operating. The VDC 350 adjusts the 
braking force of the wheels and adjusts engine output 
when the vehicle's yawing or rolling increases, and sup- 
presses unstable vehicle behavior. When the VDC 350 
is operating, the routine proceeds to a step SI 22, and 
downshift is prohibited. Thus, downshift is not per- 
fonned while the VDC 350 is operating, and the vehicle 
behavior control performance of the VDC 350 is not 
reduced. 

[0087] When the VDC 350 is not operating, the rou- 
tine proceeds to a step SI 20, and it is detemiined 
whether or not a gear position SftPOS of the transmis- 
sion 1 0 is the first gear position (largest speed ratio). 
[0088] If the gear position is the first gear position, 
the routine proceeds to the step 81 22, and if tt is not, the 
routine proceeds to the step 8121 . As downshift cannot 
be perfonned to a lower gear when the gear position is 
the first gear position, downshift is prohibited in the step 
SI 22. 

[0089] When the gear position is not the first gear 
position, the routine proceeds to the step 8121. In a 
step SI 21, it is determined whether or not the target 
input rotation speed of the transmission 10 when a 
downshift has been performed from the cun'ent gear 
position exceeds a maximum rotation speed. If it 
exceeds the maximum rotation speed, the routine pro- 
ceeds to the step S122 and engine over speed is pre- 
vented by prohibiting downshift. 
[0090] If the target input rotation speed does not 
exceed the maximum rotation speed, the routine pro- 
ceeds to a step 8123, and a downshift from the present 
gear position to a gear position one speed lower is per- 
mitted. 



[0091 ] When it is detemiined in the step 81 1 8 that 
the vehicle speed VSP Is less than the predetemrtined 
value, it is assumed that the effect of speed change Is 
small even when the VDC 350 is operating, and down- 
shift is pennitted. 

[0092] Rg. 8 shows an upshift control subroutine in 
the manual shift mode. 

[0093] In a step SI 24, it is determined whether or 
not the vehicle speed VSP is greater than a predeter- 
mined value. If it is greater, the routine proceeds to a 
step 8125, and if it is not greater, the routine proceeds 
to a step 8126. 

[0094] In the step SI 25, it is determined whether or 
not the VDC 350 is operating. When it is operating the 
routine proceeds to a step 8128 and an upshift is pro- 
hibited. Hence, an upshift is prohibited when the VDC 
350 is operating, so vehicle behavior control perfomi- 
ance is not reduced. 

[0095] When on the other hand the VDC 350 is not 
operating, the routine proceeds to the step 8126, and it 
is determined whether or not the current gear position 
SftPOS is the slxtti gear position (smallest speed ratio). 
[0096] When the gear position is the sixth gear 
position, an upshift to a higher gear position is impossi- 
ble, the routine proceeds to a step 8128, and upshift is 
prohibited 

[0097] On the other hand, if it is not, the routine pro- 
ceeds to a step 81 27. In the step 8127, it is determined 
whether or not the vehicle speed VSP is greater than an 
auto-downshift vehicle speed computed based on the 
target gear position SftPOS. If it is greater, the routine 
proceeds to a step 8129. If it is not, the routine pro- 
ceeds to the step 8128, and Interference between 
upshift and auto-downshift is prevented by prohibiting 
upshift 

[0098] In the step 8129, an upshift is perfonned 
which changes the gear position to a gear position one 
speed higher than the present gear position. 
[0099] Fig. 9 shows a steady state control subrou- 
tine in the manual shift mode. 

[0100] In a step SI 30, it is determined whether or 
not the target input rotation speed is greater than an 
auto-upshift rotation speed AUPREV. If it is greater, the 
routine proceeds to a step 8134, and over speed of the 
engine is prevented by perfonning an upshift automati- 
cally. 

[0101] When the target input rotation speed is less 
than the auto-upshift rotation speed AUPREV, the rou- 
tine proceeds to a step 8131. and it is determined 
whether or not the vehicle speed VSP is greater than an 
auto-downshift vehicle speed computed based on the 
target gear position SftPOS. If it is greater, the routine 
proceeds to a step 8132, and the current gear position 
is maintained. 

[0102] However, if it is not greater, the routine pro- 
ceeds to a step 8133, and a downshift is performed 
automatically. In this auto-downshift control, as the con- 
tinuously variable transmission 10 cannot change the 
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speed ratio when the vehicle is stationary it is per- 
formed so that the speed ratio is changed to the largest 
ratio t)y the tinrte the vehicle stops. 
[0103] In this way, when rt is determined that the 
VDC 350 is operating while the vehicle is running in the 
manual shift mode, downshift and upshift are prohibited. 
By prohibiting downshift and upshift when the VDC 350 
is operating, disturbance to control due to speed 
change is eliminated and the vehicle behavior control 
pert onrtance of the VDC 350 is not reduced. 
[0104] When the VDC 350 is operating, a manual 
upshift operation or downshift operation in the manual 
shift mode is itself ineffectual. Therefore, when the VDC 
350 stops and the prohibition of speed change opera- 
tions is canceled, a speed change according to the shift 
operation during the ineffectual period is not perfomried. 
[0105] On the other hand, when the VDC 350 is not 
operating and the vehicle is considered to be running 
stably, speed change control by a manual operation is 
pennitted, and the driver is able to perform speed 
change operations freely as he wishes in the manual 
shift mode. 

[0106] When a continuously variable transmission 
is provided, in the automatic continuously variable shift 
mode, the torque fluctuation is smaller than a stepwise 
speed change even if the speed ratio changes, so there 
is no particular need to prohibit speed change opera- 
tions even during operation of the VDC 350. 
[0107] The speed ratio control when the vehicle is 
running in the manual shift mode and the ABS 320, TCS 
330 or VDC 350 is operating, is as follows: 

[When the ABS 320 is operating] 

[0108] 

the gear position Is changed to a gear position one 
speed higher 

a manual shift operation is effective 
auto-downshift is performed based on the vehicle 
speed (driven wheel speed) 

[When tiie TCS 330 is operating] 

[0109] 

a manual shift operation is effective 

auto-upshift is pertbmied based on the vehicle 
speed (driven wheel speed) detected by vehicle 
speed sensor 63 

[When the VDC 350 is operating] 

[0110] 

a manual shift operation is ineffectual 
auto-downshift or auto-upshift is perfomried based 



on the vehicle speed (drive wheel speed) 

[0111] As is clear from the above, when the ABS 
320 or TCS 330 operates causing an acceleration or 

5 deceleration in the back and fonward direction unaccom- 
panied by vehicle motion in the yaw direction or roll 
direction, as when the vehicle is starting, accelerating or 
braking, a manual shift operation is effective. The man- 
ual shift operation is made ineffectual only when the 

10 VDC 350 is operating accompanied by vehicle motion in 
the yaw direction or roll direction. 
[0112] Anotiier embodiment of this invention will 
now be described. 

[0113] In the first embodiment, the case was 
15 described of a continuously variable transmission hav- 
ing a manual shift mode, but the second embodiment is 
a case of applying this invention to an automatk: trans- 
mission wherein the gears are changed over automati- 
cally between plural gear positions according to the 
20 vehicle running state. 

[0114] Fig. 10 shows a speed change prohibition 
routine. 

[0115] In a step S140, it is determined whether or 
not the VDC 350 is operating. When it is operating, the 

25 routine proceeds to a step SI 41, and when it is not 
operating, the routine proceeds to a step SI 43. 
[01 1 6] In the step SI 41 , a delay timer TIM which is 
the delay time until speed change prohibition is can- 
celed, is set to a value VDCDLY. 

30 [01 1 7] Next, in a step SI 42, a speed change prohi- 
bition flag SftlNH is set to "1' showing that speed 
change is prohib'rted. 

[0118] When it is determined in the step S140 that 
the VDC 350 is not operating, it is determined in the 

35 step SI 43 whether or not the delay timer TIM is zero. If 
rt is not zero, the routine proceeds to a step SI 44, and if 
it is zero, the routine proceeds to a step SI 45. In the 
step SI 44, the delay timer TIM is decremented and the 
routine proceeds to the aforesaid step SI 42. 

40 [0119] On the other hand, when TIM is zero in the 
step SI 43, i.e., when the delay time has elapsed since 
the VDC 350 stopped operating, the speed change pro- 
hibition flag SftlNH is cleared to zero in the step SI 45. 
[0120] Fig. 1 1 shows a speed change process. 

45 [0121] In a step SI 46, it is determined whether or 
not the speed change prohibition flag SftlNH is "1". If 
the flag SftlNH is T, the routine proceeds to a step 
SI 47, and if ttie flag SftlNH is not "I", the routine pro- 
ceeds to a step SI 48. 

50 [0122] In the step S147, the vehble enters a non- 
speed change state where speed change is not per- 
formed. 

[01 23] On the other hand, when the vehicle is not In 
the speed change prohibition state {SftiNH=0), in a step 
55 SI 48, a target gear position A/xfGP is looked up from a 
preset shift map based on the vehicle speed VSP and 
the throttie opening TVO. In the step SI 49, the need for 
a speed change is determined from whether or not a 
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current gear position CurGP coincides with the target 
gear position NxtGP. If it coincides, the routine pro- 
ceeds to a step SI 47, and if it does not coincide, the 
routine proceeds to a step SI 50. 
[0124] In the step S150, a speed change process 
which gives the target gear position NxtGP is per- 
formed. 

[0125] In this way, when the VDC 350 is operating, 
speed change operations are prohibited, behavior con- 
trol of VDC 350 is given priority, and interference 
between the speed change and the operation of VDC 
350 is prevented. When the VDC 350 stops operating, 
the speed change prohibition is canceled after a prede- 
tennined delay time has elapsed, and nomnal automatic 
speed ratio control is performed. The reason wtiy speed 
change prohibition is cancelled alter the delay time 
elapsed, is because the vehicle does not always start 
running stably immediately after the VDC 350 has 
stopped. The VDC 350 may even start operating again 
immediately after it has stopped. By providing the delay 
time, repetition of the prohibition and cancellation of 
speed change is prevented, and the frequency of speed 
change while the vehicle is in an unstable running state 
is decreased. 

[0126] This invention is not limited to the aforesaid 
embodiments, various modifications and amendments 
being possible. The present invention is also applied to 
a vehicle comprising V-belt CVT. The VDC may control 
the vehicle behavior by controlling the drive force distri- 
bution between the vehicle's front and rear wheels or 
left and right wheels. 

[0127] The entire contents of Japanese Patent 
Applications P11 -280362 (filed September 30, 1999), 
P11-280417 (filed September 30, 1999) and P11- 
280418 (filed September 30, 1999) are incorporated 
herein by reference. 

[0128] Although the invention has been described 
above by reference to a certain embodiment of the 
invention, the invention is not limited to the embodiment 
described aksove. Modifications and variations of the 
embodiments described above will occur to those 
skilled in the art, in light of the above teachings. The 
scope of the invention is defined with reference to the 
following claims. 

Claims 

1. A speed ratio control device for use with a vehicle 
provided with an automatic transmission (10) and a 
behavior control device (350) which controls either 
of yawing and rolling of the vehicle, comprising: 



ator (4) when the vehicle behavior control 
device (350) is operating. 

2. A speed ratio control device as defined in Claim 1 , 
5 wherein the vehicle behavior control device (350) 

controls a yaw rate of the vehicle so that the yaw 
rate of the vehicle follows a target yaw rate. 

3. A speed ratio control device as defined in Claim 1 , 
10 wherein the microprocessor (61) is further pro- 
grammed to: 

prohibit a speed change operation by the actu- 
ator (4) for a predetennined time after the vehi- 
15 de behavior control device (350) has stopped. 

4. A speed ratio control device as defined in Claim 1 , 
wherein the microprocessor (61) is further pro- 
grammed to: 

20 

permit a speed change operation by the actua- 
tor (4) when the vehicle speed does not 
exceeded a predetemnined value even if the 
vehicle fc)ehavior control device (350) is operat- 
es ing. 

5. A speed ratio control device as defined in Claim 1 , 
wherein the speed change operation by the actua- 
tor (4) which is prohibited, is a speed change oper- 

30 ation for changing over a gear position which is 
automatically perfbmned according to a running 
state. 

6. A speed ratio control device as defined in Claim 1 , 
35 wherein the speed change operation by the actua- 
tor (4) which is prohibited, is either of an upshift and 
downshift operation in a manual shift mode. 

7. A speed ratio control device tor use with a vehicle 
4o provided with an autonnatic transmission (1 0) and a 

behavior control device (350) which controls either 
of yawing and rolling of the vehicle, comprising: 

means for changing the speed ratio of the 
45 transmission (10), and 

means for detennining whether or not the vehi- 
cle behavior control device (350) is operating, 
and 

means for prohibiting a speed change opera- 
50 tion by the actuator (4) when the vehicle behav- 

ior control device (350) is operating. 



an actuator (4) which changes a speed ratio of 

the transmission (10), and 

a microprocessor (61 ) programmed to: 55 

detennine whether or not the vehicle behavior 

control device (350) is operating, and 

prohibit a speed change operation by the actu- 
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Fig. 10 
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